Using the particle distribution in phase space, we introduce a new approach to study the decoherence and recoherence of a kicked beam when betatron tunes are far from any resonance. With this method, the decoherence and the recoherence of a beam can be analyzed easily in both 2-dimensional and 4-dimensional cases with any form of the tune spread. We have also studied the decoherence of a beam initially trapped in a resonance island. Due to the tune modulation, the separatrix of island develops a chaotic layer and particles within the island can drift out of the island along the layer. Consequently, the beam decoheres gradually. The rate of decoherence is shown to be proportional to the modulation amplitude. As a function of the modulation frequency, it reaches a peak near the tune of trapped particles before decreasing to zero.
I. DECOHERENCE IN THE NEAR-LINEAR REGIME
In the presence of amplitude dependence of betatron tunes (tune spread), an off-centered beam will gradually dilute from a localized bunch to an annulus in transverse phase-space which results in a disappearance of coherent signal. Due to a finite energy spread, the beam may also oscillate between the localized bunch and the annulus which results in a periodic oscillation of the coherent signal. These decoherence and recoherence of a kicked beam have been studied experimentally as well as analytically [1, 2] . Previous studies based on a single-particle picture were however limited to quadratic amplitude-dependence of the tunes. Since the decoherence and recoherence are basically multiparticle phenomena, a more suitable as well as easier description should be based on a study of the particle distribution in phase space. In this note, we shall introduce this approach to study the decoherence and recoherence. With our method, these phenomena can be analyzed in both 2 and 4-dimensional cases with any form of amplitude dependence of the tunes.
In general, the Hamiltonian of 4-dimensional betatron oscillations can be written as H=v'.,?+uo(J)+u(fJ,e) , where [ ] is the Poisson bracket. Since the time scale we are interested in is much shorter than the diffusion time scale, as betatron tunes are far from any major resonance, we consider U0 only and Eq. (4) is reduced to
The solution of this equation is easily found to be --
the initial distribution and
If the synchrotron motion is assumed to be linear,
where <is chromaticity, ( JL, 4~) the action-angle variable for synchrotron motion, and U, the synchrotron tune, and 
If this ratio is larger than 1, a weaker coherent signal will reappear after l/us turns.
DECOHERENCE OF BEAM IN A RESONANCE ISLAND
Consider a beam kicked into a resonance island. If this resonance is isolated, and there is no tune modulation, the beam will be trapped inside the island "forever". With a tune modulation, the separatrix of island develops a chaotic layer. Particles within this chaotic layer will eventually drift out of the island along the layer. Consequently, the beam decoheres gradually. For a beam kicked into the neighborhood of the chaotic layer (part of beam overlap with the layer), more particles will drift out of the island once the layer becomes wider. If the drifting speed of particles is assumed to be uniform within the chaotic layer, the rate of decoherence of the beam is proportional to the width of the chaotic layer. Therefore, by estimating this width, the decoherence rate of a beam in the island can be understood at least semi-quantitatively. Here we only consider the motion in x-x' plane. As we consider a nth-order resonance, nu0 = IC, the Hamiltonian can be written as 1 ).
